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SPECIFICATION 

1. Title of Device 

RESPIRATORY RATE MEASURING DEVICE 

2. Scope of Claim for Utility Model Registration 

A respiratory rate measuring device for measuring a respiratory rate of a living body 
and displaying the measured respiratory rate, comprising: 

a first respiratory rate detecting means for detecting a reciprocating motion of a 
surface of a living body that reciprocates in association with respiration and for calculating 
a respiratory rate per unit time of the living body based on a waveform representing the 
reciprocating motion; 

a second respiratory rate detecting means for detecting a cardiac-beat synchronous 
wave generated in response to a cardiac beat of the living body and for calculating a 
respiratory rate per unit time of the living body based on fluctuation of the cardiac-beat 
synchronous wave; and 

a displayed respiratory rate determining means for determining a respiratory rate to 
be displayed on the basis of the respiratory rate obtained by the first respiratory rate 
detecting means and the respiratory rate obtained by the second respiratory rate detecting 
means. 

3. Detailed Description of Device 

[Field of Industrial Application] 

The present device relates to a respiratory rate measuring device. 
[Background Art] 

To appropriately understand the conditions of patients during and after surgery, etc., 
a respiratory rate per unit time is conventionally measured and monitored. In one method 
of measuring the respiratory rate, the reciprocating motion of a thorax or abdominal wall is 
detected and the respiratory rate is then measured on the basis of the waveform 
representing the detected reciprocating motion. 

[Problem to be Solved by Device] 

However, when the respiratory rate is measured on the basis of the reciprocating 
motion of the thorax or abdominal wall as described above, the dispersion of measured 
respiratory rates may be relatively wide due to body motion and/or vibration of a patient 

body. 

The present device has been made in consideration of such a circumstance, and 
therefore an object of the present device is to provide a respiratory rate measuring device 
which can obtain more reliable measurement of a respiratory rate based on the 
reciprocating motion of the thorax or the abdominal wall. 
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[Means for Solving the Problem] 

To achieve the above object, the gist of the present device is directed to a respiratory 
rate measuring device for measuring a respiratory rate of a living body and displaying the 
same, which device includes: (a) a first respiratoiy rate detecting means for detecting a 
reciprocating motion of a surface of a living body that reciprocates in association with 
respiration and for calculating a respiratory rate per unit time of the living body based on a 
waveform representing the reciprocating motion; (b) a second respiratory rate detecting 
means for detecting a cardiac-beat synchronous wave generated in response to a cardiac 
beat of the living body and for calculating a respiratory rate per unit time of the living body 
based on fluctuation of the cardiac-beat synchronous wave; and (c) a displayed respiratory 
rate determining means for determining a respiratory rate to be displayed on the basis of 
the respiratory rate obtained by the first respiratory rate detecting means and the 
respiratory rate obtained by the second respiratory rate detecting means. 

[Operation and Effect of Device] 

According to the respiratory rate measuring device of such a configuration, the first 
respiratory rate detecting means detects the reciprocating motion of the surface of the 
living body that reciprocates in association with respiration and calculates the respiratory 
rate per unit time of the living body on the basis of the waveform representing the 
reciprocating motion. Further, the second respiratoiy rate detecting means detects the 
cardiac-bcat synchronous wave generated in response to the cardiac beat of the living body 
and calculates the respiratory rate per unit time of the living body on the basis of 
fluctuation of the cardiac-beat synchronous wave. The displayed respiratoiy rate 
determining means detennines the respiratory rate to be displayed on the basis of the 
respiratory rate obtained by each of the first respiratory rate detecting means and the 
second respiratory rate detecting means. In such a case, although the respiratory rate 
obtained on the basis of the reciprocating motion of the surface of the living body can be 
relatively easily influenced by, for example, body motion or vibration of the living body, 
the respiratory rate obtained on the basis of the cardiac-beat synchronous wave is relatively 
less influenced by such body motion or vibration of the living body. Accordingly, by 
determining the respiratory rate to be displayed complementarily from both the respiratory 
rates, measurement of a more reliable respiratory rate can be achieved. 

[Embodiment] 

An embodiment of the present device will be described hereinafter with reference to 

drawings: 

FIG. 1 is a circuit diagram, showing an exemplaiy configuration of a respiratory rate 
measuring device in accordance with the present device. In FIG. 1, a reference numeral 
10 denotes an electrocardiograph for detecting an action potential of the heart, which 
includes a plurality of electrodes 12 that are attached to the chest or other places of a living 
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body. The electrocardiograph 10 outputs an ECG signal SE corresponding to the action 
potential, and the ECG signal SE is supplied to a CPU 16 via an A/D converter 14. 

On the other hand, in FIG. 1, a reference numeral 18 denotes an acceleration sensor, 
which is attached to a surface of the thorax and/or the abdominal wall of the living body to 
detect a reciprocating motion of the living body surface associated with respiration. As 
shown in FIG. 2, the acceleration sensor 18, for example, includes: a housing 20; an 
elongated, flexible leaf spring 22 which is longitudinally accommodated in the housing 20 
and supported, in a cantilever manner, at one end of the leaf spring by a side wall of the 
housing 20; a weight 24 disposed at the free end of the leaf spring 22; and a semiconductor 
strain gauge 26 secured onto a longitudinally middle portion of the leaf spring 22. The 
acceleration sensor 18 is adhered at its attachment surface 28, via, for example, a 
double-faced adhesive tape (not shown) to the surface of the thorax and/or the abdominal 
wall (not shown). The attachment surface 28 is generally in parallel with the surface of 
the leaf spring 22 on which the semiconductor sfrain gauge 26 is disposed. By the 
reciprocating motion of the surface of the thorax and/or the abdominal wall associated with 
respiration, the leaf spring 22 of the acceleration sensor 18 is strained, and the strain on the 
leaf spring 22 is detected by the semiconductor strain gauge 26. Accordingly, the 
acceleration sensor 18 outputs a reciprocating motion signal SG corresponding to the 
reciprocating motion of the surface of the thorax and/or the abdominal wall, and the 
reciprocating motion signal SG is supplied to the CPU 16 through the A/D converter 30. 
Since the frequency of respiration is small such as 0.3 through 0.4 Hz, the leaf spring 22 
having a sufficiently small spring constant and the weight 24 are selected so that the slow 
reciprocating motion of the surface of the thorax and/or the abdominal wall associated with 
respiration can be successfully detected. 

The CPU 16 configures a microcomputer together with a ROM 32 and RAM 34. 
In accordance with a program previously stored in the ROM 32, the CPU 16 executes 
signal processing through the use of a storage function of the RAM 34, permits a 
display/record device 36 to display an ECG waveform represented by the ECG signal SE, 
further calculates the respiratory rate per unit time on the basis of fluctuation of the ECG 
waveform as the cardiac-beat synchronous wave of the ECG signal SE, calculates the 
respiratory rate per unit time also on the basis of the waveform represented by the 
reciprocating motion signal SQ determines the respiratory rate to be displayed 
complementarity from both the respiratory rates, and permits the display/record device 36 
to display the determined respiratory rate. Further, the CPU 16 receives a clock signal SC 
in a pulse form at a prescribed frequency from a clock signal source 38 and receives a start 
signal SS from a push button switch 40. 

Operation of this embodiment will be described with reference to flowcharts of FIGs. 
3 to 5. 

First, when the device is powered on, step SI of a main routine in FIG 3 is executed 
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to determine whether or not the push button switch 40 is turned ON and the start signal SS 
is supplied. If the start signal SS has not been supplied yet, step SI is repeatedly executed 
and the device enters the standby state. When the start signal SS is supplied, next step S2 
is executed to determine whether or not the respiratory rate per unit time (referred to as a 
first respiratory rate RPi hereinafter) on the basis of the reciprocating motion signal SG 
from the acceleration sensor 18 and the respiratoiy rate per unit time (referred to as a 
second respiratory rate RP2 hereinafter) on the basis of the ECG signal SE from the 
electrocardiograph 10 have been together updated to newly calculated respiratory rates RPi, 
RP2. If both the respiratory rate RPi, RP2 has not been updated yet, step S2 is repeatedly 
executed. In a case that step S2 is repeatedly executed, a first respiratory rate detecting 
routine shown in FIG. 4 and a second respiratory rate detecting routine shown in FIG 5 are 
simultaneously executed by time-sharing. 

In the first respiratory rate detecting routine, step SAl is first executed to read and 
store the reciprocating motion signal SG in the RAM 34 together with the clock signal SC, 
and then a respiratory period determining routine of step SA2 is executed. In the 
respiratory period determining routine, for example, as shown in FIG. 6, points at which 
the waveform (referred to as a reciprocating motion waveform hereinafter) represented by 
the reciprocating motion signal SG intersect a predetermined reference line in the 
increasing directions are detected, and when a pair of points a, b are detected, the interval 
between those points a, b is determined as a respiratory period Ti. Next, step SA3 is 
executed to determine whether or not the respiratory period T] has been determined. If 
the determination is NO, steps SAl to SA3 arc repeatedly executed. If the determination 
is YES, step SA4 is executed to calculate the first respiratoiy rate RPi based on the 
respiratory period Ti, and update the first respiratory rate RPi in the RAM 34 to the 
calculated first respiratory rate RPi. In this case, if the unit of the respiratory period Ti is 
second, the first respiratory rate RPi per minute is calculated by dividing 60 seconds by the 
respiratory period Ti. In this embodiment, the acceleration sensor 18, the first respiratory 
rate detecting routine, etc. correspond to the first respiratory rate detecting means. 

On the other hand, in the second respiratory rate detecting routine, first, step SBl is 
executed to read and store the ECG signal SE in the RAM 34 together with the clock signal 
SC. Next, step SB2 is executed to determine whether or not one beat has been detected. 
If the one beat has not been detected yet, steps SBl and SB2 are repeatedly executed to 
read the ECG signal SE sequentially. If the one beat has been detected, following step 
SB3 is executed to display and record, by the display/record device 36, the ECG waveform 
represented by the ECG signal SE of the detected one beat. In next step SB4, a 
determination is made about whether or not the one beat detected in step SB2 is a first one 
beat. Since the one beat is the first one beat at the beginning, the process returns to step 
SBl. However, after the first one beat, since the determinafion in step SB4 is NO, 
following step SB5 is executed, as shown in FIG 7, to determine the interval (referred to as 
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an R-R interval hereinafter) between the R-wave of the ECG waveform detected at the 
present time and the R-wave of the ECG waveform detected at the previous time, and then 
the respiratory period determining routine of step SB6 is executed. In the respiratory 
period determining routine, for example, as shown in FIG. 6, points at which a waveform 
representing a temporal change in the R-R interval (abbreviated as an R-R interval 
wavefomi hereinafter), in the increasing directions, intersect the reference line determined 
on the basis of the moving average of the R-R interval values, for example, for 5 beats 
immediately before each R-R interval data are detected, and when a pair of points c, d are 
detected, the interval between those points c, d is determined as the respiratory period T2. 
It is known that the interval between R-waves in the ECG waveform adjoining to each 
other changes in association with respiration, and the period of the R-R interval waveform 
corresponds to the respiratory period. Further, since a relatively large fluctuation 
normally occurs to the R-R interval waveform as time passes, the reference line is 
determined on the basis of the moving average of several beats immediately before the R-R 
interval as described above so that the reference line follows the fluctuation. In following 
step SB7, a determination is made about whether or not the respiratory period T2 has been 
determined. If the determination is NO, steps SBl to SB7 are repeatedly executed. If 
the determination is YES, step SB8 is executed, in which, same as the case of the 
respiratory period Ti, the second respiratory rate RP2, for example, per minute is calculated 
on the basis of the respiratory period T2. In this embodiment, the electrocardiograph 10, 
the second respiratory rate detecting routine, etc. correspond to the second respiratory rate 
detecting means. 

When the process returns to step S2, the first respiratory rate RPi and the second 
respiratory rate RP2 in the RAM 34 are together updated, and the determination in step S2 
is YES, step S3 is executed to determine whether or not both the respiratory rates RPi, RP2 
are approximately equal to each other. This determination is made on the basis of 
whether or not the difference between both the respiratory rates RPi, RP2 is, for example, 
within ±2 (in the case of the respiratory rates per minute). If the determination is YES, 
step S4 is executed to determine whether or not the reciprocating motion waveform and the 
R-R interval waveform in FIG 6 have been obtained such that they synchronize with each 
other. The determination about the synchronization is, for example, as shown in FIG 6, 
made on the basis of whether or not the reciprocating motion waveform has necessarily 
only one intersection (point e in FIG 6) on the reference line thereof between the points c 
and d of the R-R interval waveform and the R-R interval waveform has necessarily only 
one intersection (point f in FIG. 6) on the reference line thereof between the points a and b 
of the R-R interval waveform. If the determinations in steps S3 and S4 together are YES, 
both the respiratory rates RPi and RP2 are approximately equal to each other, and the 
waveforms from which both the respiratory rates are obtained synchronize with each other, 
then step S5 is executed to display and record, by the display/record device 36, the first 
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respiratory rate RPi obtained on the basis of the reciprocating motion waveform of the 
surface of the thorax and/or the abdominal wall. If the determination in step S3 is NO, or 
if the determination in step S3 is YES but the determination in step S4 is NO, then step S6 
is executed to display and record the smaller one of the respiratory rates RPi and RP2. by 
the display/record device 36. Accordingly, in this embodiment, steps S3 to S6 correspond 
to the displayed respiratory rate determining means. In step S5 or step S7 following step 
S6, a determination is made about whether or not the push button switch 40 is tuned OFF. 
If it has been turned OFF, the process is terminated. However, if the push button switch 
40 has not been turned OFF, steps from step S2 are again executed, and the respiratory rate 
is sequentially obtained and displayed in the same manner. 

According to this embodiment as described above, the first respiratory rate RPi per 
unit time is calculated on the basis of the period of change of the reciprocating motion 
waveform represented by the reciprocating motion signal SG output from the acceleration 
sensor 10. Further, the second respiratory rate RP2 per unit time is calculated on the basis 
of the period of change of the R-R interval waveform that reflects the fluctuation of the 
ECG waveform represented by the ECG signal SE output from the electrocardiograph 10. 
One of the first respiratory rate RPi and the second respiratory rate RP2, which is estimated 
to be preferable is displayed. In such a case, although the first respiratory rate RPi 
measured on the basis of the reciprocating motion of the thorax surface, etc. can be 
relatively easily influenced by body motion, vibration, etc. of the living body, the second 
respiratory rate RPi measured on the basis of the fluctuation of the ECG waveform is 
relatively less influenced by the body motion, vibration, etc. Accordingly, by determining 
the respiratoty rate to be displayed complcmcnlarily from both the respiratory rates RPi 
and RP2, measurement of a more reliable respiratory rate can be achieved. 

In the above-described embodiment, the respective respiratory periods Ti and T2 of 
the reciprocating motion waveform and the R-R interval waveform are determined from 
the intervals between the pairs of points at which those waveforms intersect their 
respective reference lines in the increasing directions. However, it is not necessarily 
required. For example, the respiratory periods may be determined from the intervals of 
the pairs of points at which those waveforms intersect their respective reference lines in the 
decreasing directions, or from peak intervals of those waveforms. 

In the above-described embodiment, the first respiratory rate RPi or the second 
respiratory rate RP2 is calculated for each determination of the corresponding respiratory 
period Ti or T2. However, each of the respiratory rates may be calculated on the basis of 
the average value of the plurality of coiTesponding respiratoiy periods Ti or T2 that include 
the newest determined respiratoiy period Ti or T2 and the periods immediately before that. 

In the above described embodiment, the first respiratory rate RPi and the second 
respiratory rate RP2 are calculated by dividing the unit time by the respective respiratory 
periods Ti and T2 of the reciprocating motion waveform and the R-R interval waveform. 
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However, it is not necessarily required. For example, the occurrence frequencies K of 
upper peaks per prescribed periods U (sec.) of those waveforms are counted, and thereby 
the respective respiratory rates may be calculated by (K-1) x (60/U). Alternatively, the 
respiratory rates may be calculated by analyzing frequencies of those waveforms and 
multiplying the unit time by the frequency components whose signal strengths are the 
highest. 

In step S3 in the above-described embodiment, the determination is made about 
whether or not both the respiratory rates RPi, and RP2 are approximately equal to each 
other. However, instead thereof, a determination may be made about whether or not the 
respiratory periods Ti and T2 are approximately equal to each other. 

In the above-described embodiment, either one of step S3 or S4 may be omitted. 

In the above-described embodiment, either one of both the respiratory rates RPi and 
RP2 is displayed. However, it is not necessarily required. For example, the average of 
both the respiratory rates RPi and RP2 may be displayed. Alternatively, if it is determined 
that both the respiratory rates RPi and RP2 are abnormal, the device can be configured to 
cancel the respiration display and to indicate that the rates are abnormal. 

In the above-described embodiment, the reciprocating motion of the living body 
surface in association with respiration is detected by the acceleration sensor 18 that has the 
leaf spring 22 having the semiconductor strain gauge 26 secured thereto. However, it is 
not necessarily required. For example, the reciprocating motion of the thorax and/or the 
abdominal wail may be detected by a method such as using a so-called scrvo-type 
acceleration sensor including a magnet, etc. provided on a coil and/or a weight, detecting 
the change in impedance between electrodes disposed on the surface of the thorax and/or 
the abdominal wall, detecting the change in internal pressure of a rubber bladder disposed 
inside of a belt worn around the thorax and/or the abdominal wall, or detecting the change 
in electrical resistance of an electrolytic solution in a rubber tube worn around the thorax 
and/or the abdominal wall. Also by such methods, a certain degree of effect of the 
present device can be obtained. 

In the above-described embodiment, only the single acceleration sensor 18 is 
provided. However, a plurality of acceleration sensors having different detecting 
directions may be provided to determine the vector of acceleration as one of determination 
factors for detection of respiration. 

In the above-described embodiment, the second respiratory period RP2 is detected 
on the basis of the fluctuation of the ECG waveform. However, it is not necessarily 
required. For example, a pulse wave detected from the arteiy inside of the wrist, etc. by a 
pulse wave sensor fluctuates in association with respiration, and the interval between each 
pulse wave, similarly to the ECG waveform, fluctuates in association with respiration. 
Therefore, for example, as shown in FIG. 8, the second respiratory rate RP2 may be 
calculated on the basis of a respiratory period T3 between upper peaks on the envelope 
7 



JP-A-1992-51912(U) 



curve connecting the upper peaks of each pulse wave. Ahematively, the second 
respiratory rate RP2 may be calculated on the basis of the period of change of the 
waveform reflecting the temporal change of an interval g between the upper peaks of each 
pulse wave. 

In the above-described embodiment, the display/record device 36 displays the 
respiratory rate and the ECG waveform. However, the display/record device can be 
configured to display a respiratory waveform in addition to those. 

Further, various modifications can be made without departing from the scope of the 
gist of the present device. 
4. Brief Description of Drawings 

FIG. 1 is a circuit diagram, showing an exemplary configuration of a respiratory rate 
measuring device in accordance with the present device. FIG. 2 is a partially cutaway 
view, showing an acceleration sensor in FIG. 1. FIGs. 3 to 5 are flowcharts for describing 
operation of the device of FIG. 1. FIG 6 is a graph, representing examples of a 
reciprocating motion waveform that can be obtained by a first respiratory rate detecting 
routine of FIG. 4 and an R-R interval waveform that can be obtained by a second 
respiratory rate detecting routine of FIG 5. FIG. 7 is a graph, representing an ECG 
waveform that can be obtained by the second respiratory rate detecting routine. FIG 8 is 
a graph for describing another example of the present device and shows an example of a 
pulse wave and an envelope curve connecting peak values thereof. 



10: electrocardiograph 
18: acceleration sensor 
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FIG. 4 

First respiratory rate detecting routine 
SAl : Read reciprocating motion signal 
SA2: Respiratory period determining routine 
SA3: Respiratory period T] determined? 
SA4: Calculate and update respiratory rate RPi. 
End 

FIGS 

Second respiratory rate detecting routine 

SBl: Read ECG signal 

SB2: One beat? 

SB3: Display ECG waveform. 

SB4: First one beat? 

SB5: Determine R-R interval. 

SB6: Respiratory period determining routine 

SB 7: Respiratory period T2 determined? 

SB 8 : Calculate and update respiratory rate RP2. 

End 

FIG. 6 
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